In this work, a carbon black (VXC-72R)/zirconia (ZrO 2 ) nanocomposite-modified glassy carbon electrode (GCE) was designed, and a VXC-72R/ZrO 2 /GCE-based electrochemical sensor was successfully fabricated for the high-sensitivity detection of methyl parathion (MP). Electrochemical measurements showed that the VXC-72R/ZrO 2 /GCE-based electrochemical sensor could make full use of the respective advantages of the VXC-72R and ZrO 2 nanoparticles to enhance the MP determination performance. The VXC-72R nanoparticles had high electrical conductivity and a large surface area, and the ZrO 2 nanoparticles possessed a strong affinity to phosphorus groups, which could achieve good organophosphorus adsorption. On the basis of the synergistic effect generated from the interaction between the VXC-72R and ZrO 2 nanoparticles, the VXC-72R/ZrO 2 /GCE-based electrochemical sensor could show excellent trace analysis determination performance. The low detection limit could reach up to 0.053 µM, and there was a linear concentration range of 1 µM to 100 µM. Such a high performance indicates that the VXC-72R/ZrO 2 /GCE-based electrochemical sensor has potential in numerous foreground applications.
Introduction
As a classic pesticide, methyl parathion (MP) has made important contributions to the field of crop protection and pest control [1] . However, the problem of MP residues has a serious impact on human health and the environment [2] [3] [4] . Therefore, research and development for a convenient and efficient detecting method for MP at trace levels have attracted more and more research interests from scientific researchers. Although traditional analysis methods have played a certain role in detecting MP, their complex working procedures and high compliance costs make it difficult to meet the demand for fast speeds and high, efficient detection [5] [6] [7] . Thus, it is of great significance to design a simple, low-cost, and sensitive analytical technique for the detection of MP.
At present, electrochemical sensors have been shown to enhance detection efficiency and reduce operation costs, which accelerates the development of high-performance pesticide detection technology [8] [9] [10] [11] [12] [13] . It should also be noted that the preparation of high-performance electrochemical sensors is largely dependent on chemically modified electrodes. Among the many modification materials, carbon materials (graphene [4, [14] [15] [16] [17] , carbon nanotubes [18] [19] [20] , mesoporous carbon [21, 22] , etc.) play a significant role in improving electrochemical sensor performance. Moreover, zirconia (ZrO 2 ) has been extensively used in the field of electrochemical sensors [14, [23] [24] [25] . This material has a strong affinity to phosphorus groups, which makes ZrO 2 -based electrochemical sensors possess selective recognition and adsorption functions for MP [14, 26, 27] . In particular, nanostructured ZrO 2 particles show large specific surface areas, which can further enhance MP detection performance. Moreover, ZrO 2 possesses high chemical stability and a lack of toxicity, which contributes to the extensive use of this material. According to the available literature, the collaborative use of carbon materials and ZrO 2 nanoparticles can result in better MP detection performance [28, 29] . Dai et al. have fabricated a highly sensitive electrochemical sensor based on the nanocomposites of carbon nanofibers and ultrafine zirconia nanoparticles (ZrO 2 -CNFs) [26] . The research results showed that the ZrO 2 -CNF-based electrochemical sensor could present with high sensitivity and a good linear relationship between the peak current and MP concentration due to its strong affinity and adsorption properties in terms of methyl parathion. Furthermore, Gong et al. have successfully synthesized zirconia nanoparticle-decorated graphene nanosheets (ZrO 2 NPs-GNs) through a facile electrochemical approach [14] . The corresponding electrochemical sensor can give full play to the advantages of ZrO 2 NPs (high recognition and enrichment capability for phosphoric moieties) and GNs (large surface area and high electrical conductivity) to significantly enhance MP detection performance. The above-mentioned analysis indicated that the collaborative use of carbon materials and ZrO 2 nanoparticles possesses a synergistic effect. However, it should be noted that these experimental strategies have some weaknesses in spite of their excellent determination performance. The corresponding preparation methods, including electrochemical deposition and an electrospinning technique, involve more complex experimental operations, and some experimental equipment is very expensive. These problems have restricted the practical applications for electrochemical sensors based on nanocomposites of carbon materials and ZrO 2 nanoparticles. Therefore, it is quite necessary to develop a simple, rapid, and low-cost technique to prepare electrochemical sensors with excellent determination performance.
In this work, we fabricated a high-sensitive electrochemical sensor based on a carbon black (VXC-72R)/ZrO 2 nanocomposite electrode. The VXC-72R/ZrO 2 /glassy carbon electrode (GCE)-based electrochemical sensor can make full use of the respective advantages of VXC-72R and ZrO 2 nanoparticles to enhance MP determination performance. More than anything, the present experimental strategy is simple, rapid, and low-cost, which can help facilitate the practical application of electrochemical sensors based on nanocomposites of carbon materials and ZrO 2 nanoparticles. To the best of our knowledge, there has been no report about VXC-72R/ZrO 2 /GCE-based electrochemical sensors. Moreover, the obtained electrochemical sensor has excellent trace analysis determination performance.
Materials and Methods
The VXC-72R/ZrO 2 /GCE-based electrochemical sensor was successfully fabricated through drop-coating technology. First, a certain amount of VXC-72R (Cabot Corporation, Boston, MA, USA) was homogeneously dispersed in dimethylformamide (DMF) solvent to obtain a VXC-72R suspension (40 mL, 0.5 mg mL −1 ) with the help of ultrasonic dispersion. Then, 120 mg of ZrO 2 nanoparticles (99.99%, ≤100 nm, Shanghai Aladdin Bio-Chem Technology Co., LTD, Shanghai, China) was added into the VXC-72R suspension through vigorous stirring (30 min). Subsequently, the mixed VXC-72R/ZrO 2 suspension (5 µL, 0.5 mg mL −1 ) was coated on the surface of a GCE. After heat treatment (15 min) with the help of an infrared lamp (Hwato 150 W, Chengdu, China), the VXC-72R/ZrO 2 /GCE-based electrochemical sensor was successfully fabricated. A VXC-72R/GCE-based electrochemical sensor was obtained using a similar technique.
The structure and morphology were studied through X-ray diffraction (XRD, Bruker DX-1000, Karlsruhe, Germany), X-ray photoelectron spectroscopy (XPS, Thermo Fisher Scientific, Waltham, MA, USA), and scanning electron microscopy (SEM, JEOL JSM-6360LV, Tokyo, Japan). The electrochemical measurements were carried out using a CHI660E electrochemical workstation (CH Instruments, Shanghai, China). Modified GCE composite electrodes were used as a working electrode, with platinum wire and a saturated calomel electrode (SCE) as a counterelectrode and reference electrode, respectively. A certain amount of the mixed solution of NaH 2 PO 4 and Na 2 HPO 4 was prepared to be used as phosphate-buffered solution (PBS, 0.1 M, pH 7.0). Figure 1a ,b shows the XRD patterns of the VXC-72R and VXC-72R/ZrO 2 nanocomposites. It can be seen that the VXC-72R nanoparticles presented obvious characteristic diffraction peaks. For the VXC-72R/ZrO 2 nanocomposite, the XRD pattern showed some well-defined diffraction peaks that were in complete agreement with the standard diffraction peak of VXC-72R and ZrO 2 (JGCEDS No. 17-0923) [8, 24] . Figure 1c shows the XPS spectra of the VXC-72R/ZrO 2 nanocomposite. We can clearly see that the characteristic peaks of the elements C1s, Zr3d, and O1s appeared in the XPS spectra. It needs to be noted that the Zr element contained two splitting peaks, which corresponded with Zr 3d 5/2 (182.3 eV) and Zr 3d 3/2 (184.5 eV) [26] .
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Conclusions
To summarize, a simple and low-cost VXC-72R/ZrO 2 /GCE-based electrochemical sensor was successfully fabricated for the high-sensitivity detection of MP. Electrochemical measurements showed that the VXC-72R/ZrO 2 /GCE-based electrode had a relatively satisfactory peak current and quite a small charge transfer resistance. The VXC-72R nanoparticles had high electrical conductivity and a large surface area, and the ZrO 2 nanoparticles possessed good adsorption-recognition ability for MP. The synergistic effect from the VXC-72R/ZrO 2 nanocomposites significantly optimized the MP determination performance. The low detection limit and wide MP concentration range of the VXC-72R/ZrO 2 /GCE-based electrochemical sensor can promote the research and development of simple, low-cost, and efficient electrochemical sensors.
